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(57) Abstract 

A device (2) for 
point of care testing of 
analyte concentration in 
a fluid applied thereto, the 
device comprising a test 
member (4) provided with 
sensing means adapted 
to produce an electrical 
signal in response to the 

concentration of analyte , v 

m an applied fluid, and a ■ 6 

^neter (5). The meter (5) 
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DEVICE FOR TESTING ANALYTE CONCENTRATION IN A FLUID - 
FIELD OF THE INVENTION 

•. . . ... 

The. present invention relates to a device for point ot 
cere testing of analyte concentrations in a fluid, notabl .. 
a orol^cal. nuid. The device is particuiarly for use 
m testrng blood for an analyte such as ,l„ COse or 
cholesterol. or 
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BACKGROUND TO THE INVENTION 

. ■ ' ■ ■ 

. * * ■ * 

Diabetics need to test their blood glucose, levels 
frequently, often several. times a day. This needs to be 
done accurately, consistently and with the minimum of 
inconvenience to- the diabetic. The testing is typically 
carrxed out using a point of care test strip and meter; 
that is, the diabetic takes te^ 

■ test readings wherever he 

happens to be, using a portable meter system. 

* * * 

At present there is no commercially available non-invasive 
test method. All current systems rely on a blood sample 
being placed on a test strip which reacts with glucose in 
the blood. This, reaction can then be read by some method, 
for example comparing a generated colour with a colour 
chart, or by using a dedicated meter. Reading a colour 
chart by eye can be inaccurate, particularly where the 
diabetic suffers from imperfect colour visual acuity. 

i 

All current point of care meter systems use disposable 
test straps in increasingly sophisticated meters. These 
tend to offer increased real-time memory and may be 
downloadable to a PC. Some offer more reliable results 
by providing a coding chip in each pot of strips supplied. 
The coding chip carries information about the batch of 
strips which is used to calibrate the n,eter by the user 
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■ 

before readings are taken using the strips. The advantage' 
this has for a point of care test is that it reduces the 

chance of an inaccurate result being obtained because the 

t ' * .... 

wrong calibration code was entered. However, the patient 
5 still has to insert a coding chip. 

» ■ * • » 

It is an object of the present invention to provide a 

■ • • < * » 

point of care test device which is convenient and easy to 
use, and which reduces the possibility of inaccurate 
10 results due to operator error. 

SUMMARY OF THE INVENTION 

■ - 

According to an aspect of the present invention there is 
15 provided a device for point of care testing, of analyte 
concentration in a fluid applied thereto, the device 
comprising a test member provided with sensing means 
adapted to produce an electrical/ signal in response to the 
concentration of analyte in an applied fluid, and a meter 
20 comprising electronics means for producing a signal output 
which is dependent on the electrical signal from. the test 
member , the meter being provided with display means for 
displaying the signal output; characterised in that the 

test member is re-usable and permanently secured in 

■ 

25 relation to. at least a part of the meter. 

- 

By providing a re-usable test member permanently attached 
to at least part of the meter/ the device combines the 
accuracy of a meter with the ease of use of a visual 
30 system. Typically, the test member will be a test strip 
which has dimensions similar to a conventional test strip- 
For convenience hereinafter the invention will be 
described with reference to a test member which is a test 

* * * 

strip: 

35 . • 

• * * . . ■ 

The meter may be integrally formed with the test strip. 
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* • - . 

Thedevice .a, be used to test for any analyte, but lt ls 
. particularly preferred that it is used for testing , or ^ 

5 lit" 4 "" 0 : °' 9lUCDS * ^ bl °°*- F ° r -„ve«e„ce £ 
5 ~°" W te bribed hereinafter vith reference to 
thxs appneation. but it is to be understood: that th* 
invention is not limited to this embodiaent 

10 or tested b8 a " er * nusber 

of tests for example after 50 tests. THis would provide 

■a diabetic with a simple, convenient, accurate and 
consistent test. ccurate and 

15 caU^ i r iP C ° Uld be ? erBBn ^ ^ to electronic 
15 . caUbrataon . meanS of the meter, to permit factory - 
calibratxpn of- the signal output from: the nfet er Z 
response to electric current or other electrical signal 
generated by the sensing means when a Known concentration 
of analyte is applied to the test strip. Preferably, the 
test strap as permanently attached to the whole meter, 

Because the test strip is attached to and sold with . the 
meter or the calibration electronics means, the whole unit 

•5 Z/r P T alibrated ^ ^ faCt ° ry - Thls avoids 

•5 need for the user to perform a calibration operation on 

a meter system before starting to use a new batch of test 
straps. The user may optionally recalibrate the meter at 
regular intervals, for example each week, and a control 
solution may be provided with the meter or separately, for 
carrying out a calibration. Another aspect of the 
invention therefore provides a test kit for point of car.: 
testing, comprising a device as described herein, and a 

control solution for use in calihr^inr. 

„ . ■ caj -^Drating the meter of the 

device.. 

■ 

The device may be provided with a port, for example for 
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» * • • ■ ■ 

* 

• * - * 

— ' 4' 

• • * • ■ 
communication with or downloading to or from a computer. 

* * • 

This port could be used during calibration in the factory, 
for example to take into account factors specific to the 
batch of test strips, and optionally also factors such as 
5 temperature, relative humidity, and altitude of the 
intended destination. The port could also be used to 

- - * ■ ■ 

*■ - . 

record test results on a user 's PC. 

• % . • - ■ . . . \ . 

The sensing means preferably comprises one or more 
10 reagents which react with the glucose to produce at least 

one electroactive species , and ^n electrical circuit which 

.*.■•. ■ . ■• . * 

* * • - . 

passes a current the magnitude of which varies according 
to the concentration of applied glucose. Such sensing 

means will be well known to those skilled in the art. 

• ■ • • ■ ^ ■ . . 

.... 

The test strip may be re-usable by being washable, for 
example in tap water, to remove unreacted species and 
protinaceous material, which would foul the electrode 
surface and/ or any covering ihembrarie. Alternatively the 

20 test strip could be re-usable by progressive removal of. 

* * ■ 

layers or strips which carry the reagents and the 
conductive species when generated. 

■ 

The test strip preferably uses an immobilised enzyme 

■ 

25 system, for example glucose oxidase ("GOD") or glucose 

■ - 

dehydrogenase immobiliseci, preferably by physical 

■ ■ > ■■ . - . ■ 

adsorption, onto platinised or rhodiuroised carbon. The 
use of immobilised enzymes is described in US Patent No. 

4,970,145 and US Patent No. 5,122,456. 

» 

30 

To facilitate cleaning of the test strip and to minimise 
sample volumes required , it is particularly preferred that 
the area containing the working electrode and enzyme is 
covered by a semi -permeable membrane. The membrane must, 
35 of course be permeable to the analyte and oxygen. Test 
strips of this general type are known, and are described 
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— 5 — - 

m m • 

in EP 0 690 134, for example. 

. ■ . . . 

■ * . ' 

To reduce the effect of background, interferences from 
electroactive species such as aseorbate, urate, and 
acetaminophen (paracetamol) ; it is preferred that in 
addition to an active electrode which contains cob, a 
similar dummy electrode is provided which contains ' an 
inert non-enzymic protein, for example bovine serum 
albumin ("BSA"). The active electrode will, in addition 
to responding to background electroactive species, respond 
specifically to the presence of glucose in the sample. The 
subtraction of the dummy electrode response from the 
active electrode response will give an analytical response 
due specifically to the presence of glucose in the sample. 

■ » • * 

In a preferred embodiment , the test strip is provided with 
a cap which covers the area to which blood is applied, the 
inside surface of the cap being provided with means' for 
wiping or washing the test strip when the cap is removed 
from and/or replaced on the test strip. The cap could 
alternatively abrade or strip off one or more lasers on 

the test strip when removed from and/or replaced on the 
test strip. 

In a Particularly preferred embodiment, each, instance when 
the cap is removed and replaced is recorded on a counter. 
When the cap has been removed and replaced a predetermined 
number of times, a locking mechanism is actuated to 
prevent further removal of the cap.: The. user may thereby 
be prevented from re-using the device beyond its intended 
life. 

The counter may be mechanical or, preferably, an 
electronic memory. 

The device is preferably compact and discreet, for example 
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* ■ ». 

♦ 

- • * 

- 6 - 

it may be shaped like a pen, or flat and rounded, to fit 
in a pocket* 

■ • ' . : • • 

Although the test member of the device may be washed under 
5 a tap to clean it, other cleaning means could optionally 
be provided in the device, For example the device may 
include a housing in which is located a reservoir of 
washing fluid, and means for releasing a metered quantity 
of washing fluid onto the sample area of the test strip 
10 when desired. This would permit a user to clean the test 
strip when an external source of cleaning fluid such as 

* * • 

a tap is not readily available. 

...* • 

The meter is preferably permanently attached to the 
15 display means, but it would also be possible for the 
electronics which are used to calibrate the test strip in 
the factory, and optionally ai counter, to be housed in a 
cartridge, which is permanently attached to the test strip,. 

the cartridge being, releasably secured to the display 

■ * , • 

20 means.. This arrangement would permit a single display 
means to be used with a . number of different disposable 
cartridges, each of which could carry a different analyte 
detection system. The benefit of pre-calibration of the 
test member and meter in the factory would be retained. 

25 

Accordingly, another aspect of the invention provides a 
cartridge comprising a housing which is permanently 
attached to a test member for point of care testing of 
analyte concentration in a fluid applied thereto, the 

30 test member and/or the housing provided with sensing means 
adapted to produce an electrical signal in response to the 
concentration of analyte in a fluid applied to the test 
member, and the housing provided with electronic means for 
calibrating the test member, the cartridge being provided 

35 with* mounting means for releasably connecting the 
cartridge to display means for displaying an output 
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reading which is dependent on the electrical signal. 

The "leasable connecting means may comprise a 

conventional edge connector or a plug or socket for aatina 

5 with a suitable corresponding structure on the display 
means. . . 

■ 

Where a counter is. housed in the device, it may be 
programmed to cause something to happen when a preset 
number of readings have been taken. For example, the 
dxsplay means may be de-activated, or a warning light may 
come on to warn the user to discard the device. The 
counter may be activated by having the user push a button 
to get a display reading, each push of the button 
incrementing the counter by one. Alternatively the 
counter may be incremented each time the sensor detects 
an xnitial rate of change in current from the active 
electrode which corresponds with human blood but not with 
calibration or washing solution. 



0 
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BRIEF DESCRIPTION OF THE DRAWINGS 

■. . • . ■ 

■ 

*■*.*""■ 

The invention will now be further described, by way of 

example,., with reference to the following drawings in 

*••■*•■ * ■ . 

5 which: 

Figure l shows a device for point of care testing of 
analyte concentration in a fluid, in accordance with 
. " the present invention; 

10' ■ 

* - » - , « 

Figure 2 shows a cartridge and display device for 
point of care testing in accordance with another 

aspect of the present invention; 

.,*■■• 

t • ■ . • ■ ■ 

15 Figure 3 is? a graph of current v glucose 

concentration for an electrode suitable for use in 

* * • * * * 

manufacturing a device in accordance with the 
present invention; 

.* 

20 : Figure 4 is a graph similar to Figure 3, in which the 

electrode has a PVC membrane; 

■ 

Figures 5 to 10 are graphs of various test results 
for test strips suitable, for use in the present 
25 invention having alternative electrode formulations 

using a different conductive ink; 

■ 

Figures 11 to 26 are graphs of various test results 
for test strips suitable for use in the present 
30 invention having further alternative e 

formulations using another different conductive ink; 

Figures 27 to 29 are graphs for various test results 
with PVC membranes and different electrode ink 
3 5 formulations; 
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and 



5 



Figure: 3d . shows printed layers on a substrate for 
making a reusable test member suitable for use in 
the present invention. 
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" ■ ■ ■ » 

* " - 

* * » - 

The test device 2 shown in Figure 1 comprises, a meter 5 
which is permanently connected to a re-usable test strip 
4. The meter 5 has display means 6, comprising a bank of 
5 LEDs, and a printed scale 8 alongside the LEDs 8/ Four 
LEDs are shown for the purposes of illustration , but any 
number could be used, for example 8 to 10 LEDs* The 

number of LEDs used would compare with the best visual 

• ■ . 

. * .* • 

check card on the market; One or more LCDs or other 

• '- • 

10 display devices could of course be used. instead of LEDs. 
It is hot necessary that a diabetic monitors his glucose 
level to the apparent accuracy of current glucose meters 

which are on the market- It is sufficient for the 

■ 

diabetic to know roughly what the level is (+/- 15 mg 
15 glucose per dl) . 

• . • • ■■ ■ 

In addition to visual display means, the device may, 
optionally be provided with means for audibly warning a 

user when a reading of analyte concentration is deemed too 

■ • • . • • • ..... 

* ■ 

20 low or too high, outside a defined pre-programmed 
concentration range. 

• * 1 

Referring now to Figure 30, the test strip 4 comprises a 
substrate 30 coated sequentially with a plurality of 
25 electrode and dielectric layers. Figure 30a shows a 

ceramic plate 20 which is marked into six test strip 

- 

- 

substrates 30. Other substrate materials may of course be 
used instead of a ceramic, for example polyester, 
polycarbonate, or PVC. Each substrate 30 is printed with 

30 conductive silver/silver chloride tracks, comprising: an 
active electrode 2.2, reference electrode 24, dummy 
electrode 28 and counter electrode 26. We have found that 
a ratio of silver to silver chloride in the range 60:40 
tp 95 ?5 gives best results. A particularly preferred 

35 ratio is about 90:10 Ag/AgCl. 
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about 40 ■ 6 Carb ° n tMCkS » «- » (resi^lvity 
about 40 ohes per sguare, are printed for the active and 
du„y electrodes respectively. An insulating H , 
-yer is then printed .figure 30c ^ a " S 
aperture where a fluid sample is to k ' • Clr ^r 
, hippie is to be received. Th it- 

layer must be resistant to solvents *o a V 

nT:s ' e 9 acetone thp =»t>^ 
cyclohexanone, It must be stable ,n 

**** - — V4w^rz". i :sr«" 

solution beneath the insulating l ayir and r^^ ln 

rtne rT""' ° f ^ traafS - ^ ^ =nd 30e sh „ 
respectively the working electrode 38 for the ... 

electrode and the »„ rtl „, electrode 40 for the jT" 

Figure 30f, prror to (preferably, coating uith „ 
Protective eepbrane and cutting i„ to six test str^ 4 

^' SaCh « Patently «Sh d 

to the meter 2 or a car+ri^o , cnea 

or a cartridge 12 as shown in Figure 2. 

The working electrode tr n f m • 
■ A 8 of the dummy electrode 28 

comprises BSA adsorbed ontr, „,,4-- • ^ 

wmrlr . , orcea onto platinised carbon, and the 

working electrode 40 of the aeHvo , 4. 

ron v. ^ active electrode 22 comprises 

GOD adsorbed onto platinised r3 rw T 
\^ A a. k . , * P sed carbon, In use, electrical 

potential from a battery camW k„ ^ 

y carrie d by the meter 5 polarises 
the ^n, electrodes 30.40 to between «„„ J 

tlatTlr ^ " ,ere "" " • - — 

that a polarity of about +300 mv rei at i vo - ^ 
r — JUU mv . relative to the ref erence 

eleetae 24 pr9vid6s . a suitable compromise between 

conta ^ int6rferenCe —P°-e- 

containing glucose is applied to the test strip 4 a 

current is produced which ic * . 

v «u wnicn is dependent on the 

concentration of qlucosp in k, 

currf.nl- „ „ 9iucose m the blood. Depending on the 
current passed, a particular LED 6 lights up, controlled 
by a^ microchip. The meter 5 is calibrated so that the 

cone 1 T S 8 C ° rreSPOndS a range of glucose 

concentrations m the applied blood. The user can 
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' ■ * - * 

therefore read off from the printed scale at the point' 

adjacent to the lit LED 6, the concentration of blood, 

.■*•■' 

glucose . '• . / 

■ ■ • 

. • ■ - . * * • ■ ■ • ' . 

m ' ' ' • . ... : ■ ; . " . . .. • - . . 

5 The test strap 4 has a protective cap 10 which covers, the 

test strip 4 when secured on the housing of .the metez: 5 

'■ • • • 

by means of a screw thread. As the user unscrews the cap 
10 the test strip 4 is revealed and a counter is set. 
Once the test has been carried ; out* the cap 10 is 

* ***** ■ 

10 replaced, in doing this, the strip 4 is cleaned so that 

its conductivity substantially returns to that of the teist 

strip prior to testing. Cleaning may be effected by 

wiping with a solvent wipe contained within the cap 10 , 

• * * ■ • 

or by rinsing under a tap. or by abrading or removing one 

15 or more reagent layers from the test strip 4. 

• ■ * ■ 

After a predetermined number of cycles of removal and 
replacement of the cap 10, : a lock is actuated and the cap 
10 becomes locked to the housing of the meter 5. The user 
20 then disposes of the test device and begins use of a new 
device . • 

* t * 

The invention provides a test device with simple 

4 

electronics, which can be individually calibrated in the 
25 factory. An LCD or an optical reader is not required, 
although the display means: could include an LCD if 
preferred. The battery supplied with the device will 
• outlast the envisaged life of the device, thereby 
eliminating the need for the user to replace batteries. 

30 

In an alternative embodiment of the invention shown in 

- ■ 

Figure 2, the test strip 4 is permanently connected to a 
cartridge 12: The cartridge 12 houses the meter 5 which 
includes electronic means for calibrating the test strip 
35 both in the factory and, if necessary, at other times 
during the life of the meter 5. The cartridge 12 carries 
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an edge connector 14 at one end, for releasably connecting 
the cartridge to a socket 18 in a housing 16 for the 
display means -6,, When the cartridge 12 is connected to 
the ^housing 15 the assembly ' functiohs essentially 
5 identxcally. to the device of Figure/ I. When the cartridge 
12 comes to the end of its useful life , it can be dispose* 

. .. of, and a replacement cartridge can be fitted to the 
housing 16. 

* * * * ' * 1 * 

10 An alternative embodiment of the invention is to have the 
test strip contained within a pre-formed plastic casing 
The plastic casing and strip win have a low Void volume 
(<lOul, ; The plastic casing has an aperture at . the 
. . f^ 6 ^ GXtremity ° f the st "p, this allows blood to flow 
to^the electrode surface by capillary forces. At the meter 
end of the plastic casing are two nipples, one is attached 
to a washing fluid reservoir and the other to a 
calibration solution reservoir. Both reservoirs " are 
located within the meter, their total volume is" ami! As 

20 the void volume of the system is less than lOul, 30ul of 
washing solution is required after each test. This allows 
easy washing and calibration of the system with minimum 
fuss to the patient. 

■ 

25 The preferred use of a membrane over the electrode, 
improves stability of the test member over time, and 
permits the use of small (about 2 M l, samples. „ owever , 
the membrane also reduces the sensitivity of the system, 
so it is desirable to have as highly sensitive a base 

30 electrode as possible. m particular it is desirable to 
increase conductivity of the electrode tracks., and to 
arrive at a working electrode formulation which permits 
a suitable shelf life. 



5 



A preferred membrane material is PVC, notably low 

molecular weiqht PVC whirh iino^>-; ^ 

yixu rvi., wnicn linearises the response of the 
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electrode and provides protection against the fouling' 
effects of dried blood contact on the electrodes by, for 
example, clot formatioh, adsorption of ceils and proteins, 
and dried blood. It is particularly preferred- that the 
5 membrane contains a surfactant to reduce fouling effects 

of dried blood. . . 

- . 

Various electrode compositions and membranes were 

evaluated for use in the inventipn, and experimental 

. - . 

10 results for these systems are discussed below. 

■ ■ * 

EXPERIMENTAL RESULTS 

An electrode with relatively high sensitivity to glucose 
15 was prepared by first adsorbing BSA or GOD onto 10% 

• * * * * * * 

platinised activated carbon, followed by production of the 
working inks with the BSA or GOD - Pt/carbon, and then 
screen printing of the various layers onto a ceramic 
substrate. 

■ 

... . . 

■ . • ... 

20 

Pref erred resins f or making the inks are . polyesters and 
acrylic materials. A polyester resin which is 

particularly preferred for this application is Metech 
8101. 

25 

References to "low molecular weight PVC" or the like refer 
to a PVC having a molecular weight of about 100/000. 
Specifically, PVC product code Norvinyl S6036 from Hydro 
Polymers. Limited, Newton Aycliffe, County Durham, DL5 6EA 

* 

30 UK, was used. 

* * . ■ 

. . . 

• * ■ ■ * ■ 

Preparation of platinised carbon ink for the dummy and 

- 

■ ■ * * 

active electrode 
35 1) Adsorption of protein to 10% platinised carbon 
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Materials 

■ ■ • 

Glucose oxidase (GOD) . TW rm* « • ;• 
Bnv , a /■ iYpeG03 A from Biozyme. 

Bovine serum albumin (BSA) , Fraction V from P e„i- , : 
. Inc). « ' zrom Pe ntex (Miles 

2.5m.) onto the surface of activate v 
<no»i„aI s is e 30™, ^.tet^^. 

Phosphate buffered saline pH 7.4 (pbs, !. 1 

sodium . pnosphate p <P9S >; , ^ 

2.-7 mM KC1. iJ7iBM . NaCl, . 

Whatman no.l qualitative filter paper. 
Method 

(a) Preparation of BSA-Pt/carbon 

In a 250ml glass bottle, 6; 4q of R^a o= J - 
of prc on 9 f BSA was dissolved in 80ml 

of PBS and 20 g of 10%Pt/XC 7 2R gradually added with 
constant stirring. The bottle was then m „ 
^ixer and allow to incubate oVer^Tt ' " * 

A Buchner funnel was prepared with \ tein ^ture. 
Paper T h e m .w Prepared with two pieces of filter 

v p r - The mixture was poUred Wo ^ * , 
rar t„„ ■ ••• • • into the funnel and the 

carbon washed three time^ u if h . 

tlmes Wlth approximately looml of prc. 
The vacuum was allowed to pull throuah ~-° f - PBS ' 

for about fiv. through the cake of carbon 

L aoout five minutes to pyi-m^v 

. 9 extract as much liquid as • 
possible and to aid in the dryina of t-ho w 
of car^n ^ 9 ° f the c arbon. The cake 

• 1 carbon was carefullv srrann^ ■ J ■ 

container ana hrofcen up L! ^tuT "Z " ' 

a ^ d tuia. The carbon was 

then placed in an oven at 30°c overnight to dry The 

■ arh ° n ^ St ° red a refrigerator at 4«c if not 

immediately used. not 

<*> Preparation of GOD-Pt/ carbon 

35 This was prepared using exact! v i-k 

t^i-k . exactly the same method as fal 

With GOD in place of BSA } ' 
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* 

■ 

* * . ■ f ' 

2) Preparation of inks 

These inks were prepared by Gwent Electronic Materials 
using the above BSA and GOD Pt/carbons. <; 

- ■ .* . 

Mater ials 

• ■ 

BSA/Pt-carbon or' GOD/Pt-carbon prepared in (1) above 

Metech 8101 polyester type resin as the polymer binder 

■ ■ * •' * ' • ■ 

10 Terpineol BP from RC Treatt, an oil to act as. a flow agent 
Butyl cellosoive acetate, a solvent to adjust the ink 

* 

viscosity 

• . ■ ■ ■ 

The formulation of the ink consisted of: 

15 

Metech 8101 resin 54.05% 
BSA or GOD Pt-carbon 27.09% 

Butyl cellosoive acetate 12.57% 

•■■.'* 

Terpineol BP 6.29% 
20 : 

The liquid components were blended together and the carbon 
". added. After initial handraixing, the mixture was passed 
several times through a triple iroll mill to produce a 
smooth homogenous carbon ink suitable for screen printing* 
25 The ink was left to stand for several hours, preferably 
overnight, to allow thorough wetting of the carbon 
particles; with resin before use. 

• ♦ - " 

■■*"-- 
The product code numbers assigned by Gwent Electronic 

* - * * 

30 Materials wa& C80707R2 ("R2") and C80707R3 ("R3") for the 

BSA and GOD ink respectively. 

• - •" . • . 

* 

3) Screen printing of electrodes 

• * * 

35 Materials 

* * . * 

Screens used were obtained from DEK Precision Screen 
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■ . «v _ mesn was used for 

printing -of the carbon inKs. sll , 0sne3 „ orQ - : * 

opinion thickness and were of 45" orientation 

W = " *atio> in, trom Eiectronic Material 

Ltd, product code C8 02 05D1 / 

conauotive oarbon ,4on/D, fr o» c„ent Eiectronic Materiais 
product code C80130D1 

Insulating dielectric fro, Gwent Electronic Materials Ltd 
product code D80601D6 * LM ' 

Platiriised carbon ink for dummy ; (BSA) electrode - as 
prepared above (C80707R2) ■ . ' 

Platinised carbon ink for active (GOD) electrode - as 
15 prepared above (C80707R3) 

Prescored ceramic substrates from f ho r 

Company ^om the Laser Cutting 

^ ° £ "* T — -reen printin, 

4 Electrochemical measurements 

_ The electrodes were polarised to + 300mV, the working 

Ltrt ' ^ ^ ~ ^^er/silver . 

* «de reference .lectroa. The current response on 
application of sample was measured at either fi xed time 
anterval, eg 30 or so seconds. In 

covered electrodes, the electrodes were preconditioned by 
hydrat lng and maintaining at +3 00mV for 3 0 minutes. The 
use^of a bipotentiostat (from Cambridge Life Science pic, 

both It T Si " UltaneOUS ^^--tion and measurement of 
both the dummy and active electrodes. 



25 



50 



The dummy electrode, containing an inert non-enzymic 
protein, eg bovine serum albumin, will resppnd 



non- 
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specifically to any background electroactive species, .eg 
ascorbate, urate, acetaminophen (Paracetamol) . The active 
electrode which contains glucose oxidase, will in addition 
to background electroactive species, respond specifically 
5 to the presence of glucose in the sample. The subtraction 
of these two responses gives the analytical response 
specifically due to the presence of glucose in the sample. 

■ ■ - • . ■ 

Results 

-- ■ * ■ 

Fiigure 3 shows the graph for buffer glucose- calibration 
of the bare electrode, average response at 3 0 s. Figure 
4 shows the graph for buffer glucose calibration for the 
electrode coated with a PVC membrane coated from a 7% 
15 cyclohexanone solution by screen printing. Corrected 
current values in excess of 50 hA were obtained for 
glucose concentrations over 10 mM. 

. ■ 
PVC Membrane - R6/R7 

» ■ ■ 

20 

Further electrodes were prepared in a similar method to 

above, involving preparation of the BSA and GOD platinised 

carbons, production of the working inks, and screen 

* * * 

printing of the various layers to form the complete 
25 glucose biosensor. 

l) Adsorption of protein to 5% platinised, carbon 

■ . ■ . . • . 

Method 

30 

Materials 

Glucose oxidase (GOD) : , Type G03A from Biozyme. 
Bovine serum albumin (BSA) , Fraction V from Pentex (Miles 
Inc) . 

35 5% platinum loaded Vulcan XC72R activated carbon 
comercially available from E-Tek Inc prepared from the 
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deposition of ooiloidal plating (particle sise \ 5 . 
2.5nm) onto the surface of activJ t0 
(nominal sise 30**) by oxidatlv T Carbo " Particles 

Platinum , UIfite £ IsZ tr mPOSiti ° n ° f 

5 Ph,s ph ,te buffered sali ^ H ^ 7 ( ^ r ^ ^ ide V 

Phosphate^ i; 7 T ^ ° f 10nM 

2.7 mN kci. 37mM Naci; 

Whatman no. 1 qualitative filter paper. 



id 



(a) Preparation of BSA-pt/ 



In a 250ml glass bottle a a„ "■ ' * 

roUer ^ and allowed to in " ' 7 '—.Placed o„ a 
«. temperature. . „ Buchner tun ; e iT, s ° V " ni9ht * 

Pieces of the filter paper The . f"^: "** «* 

the fonnei and the car^ P0 " irM int ° 

aiia rne carbon washed thre^ 

approximately loom! of PBS Thp „ ^ Wlth 

PUU through the cake of L T "' ^ t0 

minutes to extract as 1^ ^ ^ 
in drying. The cake " ^ aid 

into a pLsti container rd 0 ;; 35 , 

lner and the ^mps broken up with a 



5 



spatula. The c ar bon was pi aced in 
ovemiohf- v ^ Placed m an oven at 3 0°C 

overnight to dry. The ca rhn n 

... . * Carbon then stored in a 

refrigerator at 4°c if not i«™ ^ ■ 

11 not immediately used. 



(b) 




ion of GOD-Pt/ carbon 



This was prepared using exact w t-w 

_ • y exactly the same method as faV 

with 5.7g of GOD dissolved in 144™, ,= w * 

' * »"/-3K activated "arC ^ 



2) Preparation of working inks 



Materials 



BSA/Pt-carbon or GOD/Pr-r 3 r-^ 

GOD/Pt carbon prepared in (la and lb) 
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above * 

* ■ . * » . * 

. Metech 8101 polyester type resin as the polymer binder: 
Terpinebl BP from RC Treatt, . an oil to act as a flow agent 
TergitoL NP-10 from Surfachem, a surfactant to: act as a 
5 wetting agent 

Butyl cellosolve acetate, .a solvent to adjust the ink 
viscosity 

Cellosolve acetate, a solvent to adjust the ink viscosity 

• ■ - 

* " * * • ■ 

10 Method 

These inks were prepared by Gwerit Electronic Materials 
using the above BSA and GQD Pt/ carbons using the following 
formulations: 

• . ■ ' * . • ■ • ■ - 

15 BSA ink for the dummy electrode 
Metech 8101 resin 43.11% 

W fc * * ft ■ M ♦ . » 

BSA Pt-carbon 21.55% 

Butyl cellosolve acetate 17-30% 
Terpinebl BP 11.84% 
20 Tergitol NP10 3.30%. 
Cellosolve acetate 2.90% 

This was assigned the product code C80506R6 ("R6") by 
Gwent Electronic Materials 

♦ 

25 

GOD inX for the active electrode 
Metech 8101 resin 47.16% 
BSA Pt-carbon 23.5*% 
Butyl cellosolve acetate 11.72% 
30 Terpinebl BP 11.15% 
Tergitol NP10 3.61% 

Cellosolve acetate 2.78% 

- • 

- • , - 

This was assigned the product code C80506R7 ("R7 W ) by 
35 Gwent Electronic Materials 
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The liquid components were blenciox *~ ^ 

< , , oxended together and the rAr^ 

added. After initial • . carbon 

s^otb bo^enous c^i*^^^^- 
The ink was left to stand for -evir,, I P"«tn 9 . 
over„i g ht, ,-^ tto 4~S t ^ 
partxdos with resin before use. rb9 " 

3) screen printing of electrodes 

v • 

■' ' ' ■ . : 

• - ■ . . . • - 

Materials 

Screens used were obtained from DEK Precision „ . 
Division and were of 325 m e -,h „ Precision Screen 

the in* printed, 325 meshs " ^ **** °" 

Wl and dielectric It T ' ^ ^ ^ 

. .. ■ 230 me sh was used for 

printing of the carbon inks A Vi m K 

. • ' A H meshes were of i3fim 

emulsion thickness and were of -1^0 

45 or ientation. 
Ag/Agci (90:io ratio) ink from Gwent fei^ • 
Ltd, product code C80205D1 "Tronic Materials 

■ * 

Conductive carbon UnO/R ^ 

Ltd . „" rbon « 0 «A-) from Gwent Electronic Materials 
Ltd, product code C80130D1 

Insulating dielectric from Gwent Plo ,r 

Product code D80.601D6 ^-tronic Materials Ltd, 



Platinised carbon ink f«>- ^ 

Prepared abe ve (cso^L, ^ 

llZlrT, C ' lrb0n ^ aCtlVe (G ° D ' tetrode - as 

prepared above (C80506R7) 

Prescored ceramic substrates fm» ^ u 

companv thS Las6 r Cutting 



The 



electrodes were fabricate k„ 

laver ™ - , aoricated by screen printing each 

layer on top of each other us ina a n m ,r,n 

machine. 9 DEK120 ° sc reen printing 

4) Deposition of biocompatible pvc ' w . 

. ■ C meffib rane by spincoatina 

and screen printing 9 
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Material? 

Screen printed electrodes from 3 above. 

. * • • ■ ■ 

. PoiyvinyXchloride (PVC) , " low molecular weight, from Hydro 

■ • .• ■ • ■ * • ■ ■ . 

5 Polymers Ltd 

... ' - 

. * 

Pluronic F68 (P-7 061). from Sigma 
Tetrahydrofuran (THF), from . Ul.tr afirie Ltd 
Cyclohexanone from Fisher Scientific UK 

■ . . ■ 

- 

10 4.1 Method for spin coating of electrodes 

* 

■ 

(a) Preparation of spin coating pyc mixtures 

■ ■ 

Two types of PVC membrane have been used: surfactant 
modified and unmodified PVC membrane. 



-! 



(i): 0.70g of PVC was dissolved in 10ml THF by stirring. 
This gave a concentration of 7%w/v of unmodified. PVC 

membrane solution. . 

■ . • . " ■ ■ •. 

■ * ... 

■ • • ... . 

20 iii) : 0.80g of PVC and O.lg of Pluronic F68 were 

dissolved in 10ml THF with constant stirring. This 
produced ah 8%w/v PVC/l%w/v Pluronic F68 membrane 
solution. 

25 1. Cover the contact legs with a non-adhesive paper. 

2. Place two electrodes at the centre of the spin disk 
(side by side and working area near centre of disk) . 

3. Tape the electtodes down tightly. 

4. Mount the spin disk oh the spin coat machine. 
3 0 '5- Switch on the machine. 

* * * * . 

6. Adjust the speed to lOOOrpm. 

7. Add 1ml membrane solution at the centre of the disk 
at 5-6cm height. 

8. After 1 minute, remove the fabricated sensors from the 
35 disk and leave in fume cupboard overnight. 
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< ■ * 

9- Pry the fabricated sensors i« v= 

bv n „- K • ° rS in Vacuum oven evacuated 

by. 0.85 bar at room temperature for 1 hour. . 

* 

• ""■*■• * . 

• ". - 

4.2 Method for screen printing pvc mixtures 

• * » » . " • 

Preparation of screen printing PVC mixture 

in 2 ^! 0 ' 7 C H arid °* 143 " 0f P1Ur0niC F68 Were ^solved 
xn 10ml cyclohexanone with constant stirring. 

orientation was used to print the potyrer. 

* 

5 Haematocrit study 

venous blood was prepared to give haematocrits (% red 
blood roiic <^ 4-~.--.-i . 1° rea 



15 blood cells in total blood) in the ' r a« n - , c 

; j-n une range 15 - 60%. The 
response of the electrodes uac" " 

^ ' V ' • , S Was c «»Pared with a Yellow 

Springs Instrument (YSI) as thp 

; the reference method.*. 
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25 



30 



35 



6 Electrochemical measurements 

potent! ; leCt ^ eS WSre P°^ised to + 300mV, the wording 

cm , rSferenCfe t0 the Printed -iver/silver 

chiorxde reference electrode. The current response on 

intervT" ^ at either fixed time 

intervals, eg 30 or so seconds. / In the case of meinbrane 

covered electrodes, the electrodes were preconditioned by 
hydratxng and maintaining at +3 00mV for 30 minutes. The 
use of a bipotentiostat (from Cambridge Life: Sciences pic) . 

enables the simultaneous polari^t^n , ^ 

. _ w . polarisation and measurement of 

both the dummy and active electrodes. 

- 

* 

- * > 

_ The dummy electrode; containing an inert non-en 2 ymic 

ZZ% n '\7 b ° Vlhe albUmin ' ^" "spond non- 

specxfxcally to any background eleetroactive species eg 

ascorbate, urate, acetaminophen (Paracetamol,. The active 
electrode which contains glucose oxidase, win- in addition 
to background electroactive species, respond specifically 
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to the presence of glucose in the sample. The subtraction 

* ■ 

■ - * 

Of these two responses gives the analytical response 
specifically due to the presence of glucose in the sample; 



In the tables of results below, membranes are denoted by 
their weight % in the solution from which they were 
applied- The electrode used for the graphs of Table 1 
below was a 90:10 mixture of R6 & R7. 



■ * * * 



» * 
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Results. - R.6/R7 (90: 10) 



Fig. 5 



Pig- 8 



Fig. 9 



Fig. io 



Bare electrode response to glucose "T — ~ 

calibration. . 

Room temp, 300 mv; response time: fixed 60 
s; PBS buffer; stability :; 5 . 2% drop at day 
2; 29% drop at day 15; 31% drop at day 20; 
45% drop at day 34. ' 



Electrode with spin coated a*PVC + i%Pi uroni -c 
F68, 900 rpm. PBS buffer; Room 
temperature; 300 mV; Response time: fixed 
60 s; recovery time 3-4 minutes. 

Electrode with screen printed "~~ ' ~ 

12.14%PVC + 1.43%Pluroni C F68 buffer glucose 
and blood glucose calibration curves. Room- 
temperature ; PBS buffer ; 300 mV, 4 

electrode polarisation; Response time: 

fixed 60 s; Condition: 30 minutes hydration 
time. 



Dependence on electrode response. to ' ~ 

haematocr it compared to a reference method 
using a Yellow Springs Instrument. Room 
temp. Membrane: 8%pvc & l% Piuronic F68; 
PBS buffer; 300 mV. 

in-use stability of . m embrane covered, 
electrode (spin coated 8% low mwt 
PVC+l%Pluronic F68) at room temperature. 
Sensor evaluation: sensor polarised for 30 
min. in Use Stability at room temp, PBS 
buffer; signal processing: 60 s; signal 
reduction: 19% week 2, 21% week 5. 



in-use staoiiity of membrane covered 

electrode ( Sp i n coated 7% low mwt PVC) at 
room temperature. Sensor polarised for 30 
min. in Use Stability at room temp; PBS 
j buffer; +300 mV; signal processing: 60 s; 
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signal reduction: 21% week 2; 27% week 5. 


Fig. 11 

• 


In-use stability of membrane covered 
electrode (spin coated 8%PVC+l%Pluronic 
F68) at 3 7 6 C; PBS buffer; +300 mV; signal 
processing: 60 s; signal reduction: 20% on 
day 3;27% oh day li;54% on week 5 


Fig. 12 

- 


in-use stability of membrane covered 

+ ■ 

. ■ - 

electrode (spin coated 7% low mwt PVC) at 
37 "C; PBS buffer; +300 roV; sensor polarised 
for 30 minutes in Use Stability at 37 °C; 
signal processing: 60 s; signal reduction: 
6% on day 3; 31% on day 11; 43% on week 5. 


Fig. 13 

• 

■ 

• 


Dependence of response to sample volume. 
Membrane: .8% low mwt PVC & !% Pluronic F68; 

sensor, polarised for 30 minutes; sensor 

■ 

tested with 30 mM blood glucose; PBS 
buffer; room temp. +300 mV; signal 
processing 3 0 s & 60 s. 

■ » ■ 



Table 1 



In the results shown in Figure 7, the dummy electrode 
5 values (Wl) are virtually zero. The volume investigation 
graphed in Figure 13 shows that for a typical small sample 
volume of 5 pi, relatively high response currents (about 
100 nA) can be obtained using a membrane system- No 
attempt was made to pre-condition the electrodes prior tb 
TO uridegoing in-use stability trials. We believe there is an 
initial 10-20% drop in response at an early time point in 
the strip's life, and that it is substantially stable 
thereafter. 

15 Electrode with results for PVC, CA and PO membranes 
(R3/R5 results) 

Further experimental work was carried out using another 
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different electrode system and 

y tem and various- membranes. 

Materials 

* Bovine serum albumin (BSA), Fraction v •- ■ 

Inc). ■ . . Fractlon v from Pentex (Mil es 

5* Platinum loaded Vulcan XC7 2R activated 

coercially available from E-Tek m. catbon 
action o f colloidal pl aW £ . «* 

10 ,. 5 », onto tne surface „ £ i^K^"?. ^ C ° 

: <n0mi " al by oxidative decolpo^ JT T 

Plntinu, sulfite acid ,„, usin, nydr ^ ^T^"' 
Phosphate buffered saline pH 7.4 ,p Bs y. L ! 

phosphate > (PBS ; 7 r istIn90£ K "r 

15 2.7 biMKCI. - NaCI, 

Whatman np.l qualitative filter paper, 

1 Preparation of working carbon i nk3 

■ « • * 

20 (a) Preparation of BSA-Pt/carbon 

In a 250ml glass bottle, 6 .4q of bsa «.* 

160ml of PBS an n ,„ V ' S dlss °lved in 

with constant s t 9 5%Pt/XC72 « carbon added 

xth constant starring. The bottle was then placed on a 
roller mixer and allowed to incuto^ • 
25 temperature A Buchn / lncu ^ te overnight at room, 
pieces of L A ^ fUnnei was Prepared with two 

approximate jToomrof Tb r ^ ^ ^ 

mm : «. he vacuun > was allowed to 

- :TXs r oa, of cLr-— rr^r • 

into a plastic container and the 1.,^= w u 

tne lum Ps broken up with a 

Spatula. The carbon was placed in „ 

^ iaced in an oven at 30°c 

overnight to drv Th P 
„ ' . y ' ThS Carbon was then stored , in a 

5. refrigerator at 4»C if not immediately used. 
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(b) Preparation of GOD-Pt/ carbon 

This was prepared using exactly the same method as (a), 
with 5.7g of GOD dissolved in 144ml of buffer then adding 
3 6g of 5%Pt/XC72R activated carbon powder. - 

■ * * • 

Materials 

. • - - 

• . ■ ■ - " • ■ 

BSA/Pt^carbon or GOD/Pt-carbon prepared in (la and lb) 
above 

10 . Metech 8101 polyester type resin as the polymer binder 

Tergitol NP-10 from Surfachero, a surfactant to act as a 

• ■ •* 

wetting agent 

* ■ ■ ■ ■ ■ ■ ■ ■ 
Butyl cellosolve acetate, a solvent to adjust the ink 

viscosity 

* - * ■ > « 

15 

These inks were prepared by Gwent Electronic Materials 
using the above BSA and GOD Pt/ carbons using the following 
formulations: 

- 

20 BSA ink for the dummy electrode 

■ . 

Metech 8101 resin 50.56% - 

BSA Pt-carbori 25.28% 
Butyl cellosolve acetate 20.80% 
Tergitol NP10 3.36% 

- - 

25 

This was assigned the product code C80319R3 ("R3 M ) by 

• ■ ■• • . • . 

Gwent Electronic Materials. 

2) Screen printing of electrodes 

- 

30 - 
Materials 

Screens used were obtained from DEK Precision Screen 
Division and were of 325 mesh and 23 0 mesh depending on 
the ink printed. 325 mesh screens were used for the 
35 Ag/AgCl and dielectric ink. 230 mesh was used for 

■ 

printing of the carbon inks. All meshes were of 13fim 
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Vision thiocness and were of 45» orientation - 

Ltf 9C1 rati0) ** *— *«* Materials 

. Ltd, product code C8 02 05Di " "aterxals 

■ . • - • 

Conductive carion f4oft/m 
5 Ltd-™/* . (40i2/L) from Gwent Electronic Materials 

5 Ltd, product code C8 013 0D1 : as 

Insulating dielectric from Gwent fi„^ • 

product code D806 01D 6 ^onxc Materials Ltd, 

Platinised carbon ink for dummy (BSA) electrode 
prepared above (C80506R6) electrode - as 

10 Platinised carbon in x for active (GOD) electrode a 
prepared above (C80506R7) -',«xectrode as 

Prescored ceramic Substrates fr-n™ ^v. 

Company fr ° m the ^ se ^ Cutting 

15 The electrodes were fabricated w„ 

layer on top of each ^ Y *" Pointing each 

machine, ^ ^ ^ a D ^po screen p rinting 

■ . • . ■ - 

GOD ink for the active electrode 
20 Met ech 8101 resin 54.79% 

BSA Pt-carbon 27.40% 
Butyl cellosolve acetate 13.62% 
Tergito! NPio 4.19% 

• * ■ 

i*went Electronxc Materials. 

■ 

- 

!^ ft e TT U "«e Mended tceether ana the carbon 

30 seve ral t - " ^ture was passed 

several times through a trim* rA n 

^ii a uripie roll mill to nrnrfnro * 

me mx was left tr> ch^^^ ^. • ^ 

overniaht i- ^r several hours, preferably 

qvernxght, to allow thorough wetting of the carbon 
partxcles with resin before use carbon 

'5 * ■' 

3 Method for spin coating of electrodes 



WO 99/05966 PCT/GB98/02184 

■ 

- 

■ ' ■ * ' ■ 

* 

- 30 ~ 

■■ ' 

Materials 

... 

Pblyvinylchloride (PVC), low molecular weight, from Hydro 
Polymers Ltd 
$ Pluronic F68 (P-7061) from Sigma 

Ceilulose acetate (CA) , acetyl content "40% (C3782) from 
Sigma 

* * * ■ ■ * ■ 

Polyurethane (PU) , Trixene (SC7602) V from Baxenden 

Chemicals 

10 Acetone 

- ; • • ■ - ■ • . . • .* • ' •• • ■ • . . . 

Tetrahydrofuran (THF) , from Ultraf irie Ltd 

* 

.... > • . • 

■ • * " . ■ 

■ * . ■ 

*• ■ ■ . . • " 

(a) Preparation of spin coating polymer mixtures 

■. - ■ ■ ■ ■ 

Surfactant modified and unmodified polymer membranes 

15 preparation depended on the type of polymer used. 

- 

PVC was dissolved in THF to the required concentration. 

* ■ ■ 

For example, a 7% solution of unmodified PVC will contain 
0.7g of PVC dissolved in 10ml THF. An 8% solution of PVC 
20 modified with 1% Pluronic F68 will contain 0.8g of PVC and 
O.lg of Pluronic F68 dissolved in 10ml of THF. 

* 

Cellulose acetate was dissolved in acetone to the required 
• concentration. For example, a 2% solution of cellulose 

25 acetate will consist of dissolving 0.2g of cellulose 
acetate in 10ml of acetone. A modified solution can be 
prepared by adding additional modifiers. For example, to 
this solution, 0.05g of Pluronic F68 can be added to 
produce a solution containing 2% cellulose acetate and 

30 0.5% Pluronic F68. 

Polyurethane was similarly prepared. A 4% solution of 
polyurethane will consist of dissolving 0.4ml of 
polyurethane (Trixene) into 10ml of THF. To this Pluronic 
35 F68 can be added to produce a modified membrane solution. 
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For example; : to ' this solution, 2% Pluronic F68 would 
involve adding 0.2g to the solution. " 

• ■ ■ - 

• . < • » - . 

<b) Spin coating procedure 
5 1. Cover the contact legs with a non-adhesive paper 

2. Place two electrodes at the centre of the spin disk 
(side by side and working area near centre of disk) . 

3. Tape the electrodes down tightly. 

4. Mount, the Spin disk /on the spin Coat machine - 
10 5. Switch on the machine. 

6. Adjust the speed to lOOOrpm. 

Add 1ml membrane solution =»i- 

boiution at the centre of the disk 

at 5-6cm height. • 

• . * * 

8. After 1 minute, remove the fabricated sensors from the 
disk and leave in fume cupboard overnight. 

9. Dry the fabricated sen^hr-*: tj^ 

sensors m Vacuum oven evacuated 

by 0 . 8 5 bar at room temperature for l hour . 



7. 



3 Electrochemical measurements 

The electrodes were polarised to + 300mV, the working 
potential, with reference to the printed silver/silver 
chloride reference electrode. The current response on 
application. of sample was measured at either fixed time 
intervals, eg 30 or 60 seconds. m the case of membrane 
covered electrodes, the electrodes were preconditioned by 
hydrating and maintaining at + 300mV for 30 minutes. The 
use of a bipotentiostat (from Cambridge Life Sciences pic) 
enables the simultaneous polarisation and measurement of 
both the dummy and active electrodes. 

* ■ 

The dummy electrode, containing an inert non-enzymic 
protein, eg bovine serum albumin, will respond non- 
specif ically to any background electroactive species eg 
ascorbate, urate, acetaminophen (Paracetamol, \ The active 
electrode which contains glucose oxidase, will in addition 
to background electroactive species, respond specifically 
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to the presence of glucose in the sample. The subtraction" 
of these two responses gives the analytical response 

specifically due to the presence of glucose in the sample. 

■ 

5 Figure 14 shows the calibration curve for an R3/R5 (90:10) 
glucose electrode with a membrane : of low mwt PVC (0.1% 
w/v) from Hydropolymers. Sensor evaluation: Sensor used 
twice previously; 3 rd buffer calibration is after dried 
blood exposure overnight, followed by washing with a PBS 
10 buffer; room temperature; +300 mV; response time fixed 60 
s. The curves are very similar, showing no significant 
fouling effect from the exposure to dried blood. A user 
could therefore wash the reusable test strip at any 
convenient time after taking a' reading. 

• . e . • ■ . 

Results:, for R3/R5 (90:10) glucose electrodes with 

■ • ■ * 

* ■ . . ■ 

cellulose acetate and PVG membranes are given in Table 2 
below. In each case, the voltage was 300 mV. The buffer 
was PBS except where otherwise indicated. 

20 



Results for R3/R5 electrodes (90:10) with no membrane and 
covered with cellulose acetate and PVG. membranes 



Fig. 15 

* ■ 

m 


Bare R3/R5 electrode response; (no membrane) ; 
response time: fixed 60 s; Recovery Time: 4-5 

min. day 1; 3-5 min. day .2 and day 3. 

• * - ■ 


Fig. 16 


Electrode with 4% unmodified cellulose acetate 

. • • . .' • . 

membrane, buffer glucose response. Room temp. 
Response time: fixed 60 s; recovery time 4 min 
day 1 . 


Fig. 17 


Electrode with 4% cellulose acetate membrane 
modified with 0.5% Pluronic F68, buffer glucose 
response. Room temp. Response time: fixed 60 s; 
Recovery time: 2-5 min day 1. 


Fig. 18 

i 


Electrode with 0.1% low mwt PVC (Hydropolymers) 
allowed to, air dry overnight and vacuum dried 
before testing; buffer glucose response. Room 
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20 



22 



temp 



Bare electrode response to buffer £Zd~*iSSd 
glucose response. Room temp; signal processing; 
60 s time point. ■• . '= ' 



sxecurode with 4% cellulose acetate membraneT 
buffer and blood glucose response; buffer pbs 
and surfactant containing buffer; room temp, 
response time: fixed 60 s. 

Electrode wi th 6* cellulose acetate + 1 % ~ 
Plurohic F68 membrane, multiple blood exposures 
and effect of washing solution; buffer: pbs + 
surfactant containing buffer; room temp. 
Response time: fixed 60 s. 



ellulose 



Electrode with 0.1% C i 
(Sigma), showing no effect of blood fouling 
between buffer glucose calibration curves; room 
temp; Response time: fixed 60s 



Table 2 



WO 99/05966 



PCT/GB98/02184 



Fig. 23 



- 34 - * 

* ■ * ■ 

Results for R3/R5 (90: 10) electrodes covered with 

polyurethane (PU) membranes ' 

Electrode with 4% PU/o.5% w/v Pluronic F68,~ 
showing buffer and blood calibratitins not 
linear; PBS buffer; room temp. Response time 
fixed 60 s. 300 mV. 



Fig. 24 



Fig. 25 



Electrode with 4% v/v PU (Tnxene)/2% w/y" 
Pluronic F68, showing no fouling effect from 
dried blood with membrane containing the 
Pluronic F68 modifier; sensor used twice 
previously; 3* buffer cal. is after dried blood 
exposure overnight, followed by cleaning in PBS 
for 1 hour; room temp. Response time: fixed 60 
s; 300 mV, 



Electrode with 15% PU (Trixene) membrane 
showing poor calibration, suggesting fouling 
effect of blood without Pluronic F68 modifier; 
Sensor evaluation: sensor polarised for 3 0 
minutes ; multiple exposures at 30 mM blood 
glucose also investigated; PBS buffer; +300 mV; 
signal, processing: 60 s time point. 



Fig. 26 



Electrode with 15% v/v PU + 1% Pluronic F68 
showing improved resistance to blood fouling 
with inclusion of Pluronic F68 modifier; 300 
mV; Recovery time 3-4 min. ; Response time: 
fixed 60 s; Condition: 0.5 hr hydration, 
polarised. 



Table 3 
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Results for various electrode covered with 

e (PVC) membranes 

sEiii it^iii^tiblHty^i^^ 

B6/R7 (90:10) electrode with 7% unmodified 
low mwt PVC membrane. stbrage i n a dark and 
dry place: at ambient temperature; sensor 
polarised for. 30 minutes; signal processing ^ 

60s; signal reduction: i 8 % oh week 3; 23% 
oh week 5 . . 

nJ "° (60:407— ile^tr^-— Hth 

8%PVC + l%Piuronip F68 me mbrane. Buffer 
glucose calibration; PBS buffer; room temp 
Response Time: fixed 60 s; Recovery Time- 4 
Bin,. Condition: 30 minutes hrydration 
polarised. ' 

kj/k5 (30: 10) Electrode " with 8% w/ v pvcTI% 
w/v Pluronic F68 membrane. Buffer and blood 
glucose calibration; room temp; PBS buffer- 
Response time: fixed 60 s. Recovery t ime : • 4 
mm. Condition: 30 minutes hydration, 
polarised. 



Table 4 
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CLAIMS .. 

■ • . . • " - -. • 

1. A device (2) for point of care testing of analyte 

concentration in a fluid applied thereto, the device 

... • *■ 

• ■ . • . • . 

5 comprising a test member (4) provided with sensing means 

■»•■*.•"■. * ■ 

adapted to produce ah electrical signal in response to the 
concentration of analyte in an applied fluid, and a meter 
(5) comprising electronics means for producing an .output 
which is dependent on the electrical signal from the test 
10 member (4), the meter (5) being provided with display 

*i - • 

■ *• * • * * * 

means (6) for displaying the signal output; characterised 
. in that the test member (4) i^ re-usable and permanently 
secured in relation to at least a part of the meter (5) ; 

15 2, A device as claimed in Claim 1, wherein the 

.. ■ • • . • 

sensing means comprises one or more reagents which- 
react with the analyte to. produce at least one 
electroactiye species, and. an electrical circuit which 
passes a current the magnitude, of which varies 
20 according to the concentration of applied analyte. 

■ 

3. A device as claimed in Claim i or Claim 2, wherein 

w 

* ■ 

the test member (4) is provided with a cap (10) which 
covers the area to which fluid is to be applied, the 
25 inside surface of the cap (10) being provided with 

means for wiping or washing the test member (4) when 
the cap is removed from and/or replaced on the test 
member - 

30 4. A device as claimed in Claim 3, further including 
a counter which records each instance when the cap (10) 

* . * ■ T 

is removed from and/or replaced on the test member (4) . 

5. A^device as claimed in Claim 4, which further 
35 includes locking means for locking the- cap (10) on the 

■ * * 

test member (4) and means for actuating the locking 
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means when the counter records a predetermined number. 

- 6. a device as claimed in any one of the. preceding 
claams, wherein the display means (6) comprises a 
5 plurality of light emitting diodes, each of which 

corresponds to an adjacent printed scale (8). 

7. A device as claimed in any one of the preceding 
claims, wherein the meter (5) includes electronic 
0 calibration means for calibrating the signal output 

from the meter (5) in response to the electrical signal 
from test member (4) when a known concentration of 
analyte is applied thereto. 



15 8. 



A device as claimed in any one of the preceding 
claims, wherein. at least some of the electronics means 
of the meter (5) is -permanently secured in relation to 
the test member (4) and is housed in a cartridge (12) 
which is releasably secured to a housing (16) which 
20 carries the display means (6). 

9. A device as claimed in Claim 8, wherein the 
electronics means housed in the cartridge (12) includes 
calibration means for calibrating the signal output 
25 from the meter (5) in response to the electrical signal 
from test member (4) when a known concentration of 
analyte is applied thereto. 



10. 



A device as claimed in any one of the preceding 
claims, further including a housing in which is located 
a reservoir of washing fluid, and means for releasing a 
metered quantity of washing fluid onto the area of the 
test member to which fluid to be tested is to be 
applied. 



11. 



A device as claimed in any one of the preceding 
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claims, wherein the test member (4) is permanently 
attached to the meter (.5). 

12. A device as claimed in any one of the preceding 

• • • ■ • 

5 claims, wherein the test member (4) includes an 

immobilised, enzyme reagent covered by a seini-permeable 
membrane. * 

a ■ 

13. A device as claimed in Claim 12, wherein the 
10 membrane comprises PVC. 

* 

• - 

* * * 

14. A device as claimed in Claim 13, wherein the PVC 
is low molecular weight PVC. 

15 15. A device as claimed in any one of Qlaims 12 to 14, 
wherein the. membrane incorporates a surfactant. ; 

' - ' - * . ' ■ 

16. A device as claimed in any one of Claims 12 to 15, 
wherein the enzyme reagent is immobilised on platinised 

20 carbon. 

* - 

' • r 

17. A device as claimed in Claim 16, wherein the 
platinised carbon is prepared from the deposition of 
colloidal platinum onto the surface of activated carbon 

25 particles by oxidative decomposition of a platinum 
salt. 

- ■ * - ■ 

18. A device as claimed in any one of Claims 12 to 17, 
wherein the enzyme reagent is glucose oxidase or 

30 glucose dehydrogenase. 

* » 

19. A device as claimed in any one of the preceding 
claims, further provided with means for audibly warning 
a user "when a reading of analyte concentration is too low 

35 or too high, outside a defined pre-programmed 
concentration range . 
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20 a device as claimed i„ any oi) . i 

=Xai.a. wherein the teat ,e.her co^ti as ^JT^ 
contained: Vithin- a pre-for»ed Piastic ^ " 

21 • A device, as clawed in claim 20, wherein the ol as ^ 
casxng and the test strip will have a void vow! I t 
than 10 m. voxq volume of less 



10 22 . 



A device as claimed in Claim 20 or Claim,, w . 
the plastic casing has an aperture at^h! V — ' 
e^ity of- the strip, to all J l^U^'^T^ 

to an electrode surface on the st., k flOW 

xace on the strip by capillary forces, 

+ 

15 23. A device as claimed in any one of rv a i 

4.w„ . ■ y one ot claxms 20 to p? 

the casxng further being provided at an „ ' 

. cu r at an end of >h<i 

- reservoirs Li^ ^ • """^ 

with the eater (5) ... housrng < 12) associated 

concentrSlr ^ ^ °' - 

a()anfo<1 . • 1 ' Pf ov *aed wxth sensing means 

adapted to produce an electrical = im ^i • 
concentre,-, * cxrxcal sxgnal xn response to the 

ZZ TTol r ? analyte in ah appli?d 

on the "r V 'I 1 " 9 ^ ° UtPUt *ich. i. dependent 

D ell ^trrcai -9nal, characterised in that the test 
u member (4) is rp-iKAM« ^ test 
dism.v Permanently attached to the 

display means (6) . ■ 



35 



». A test kit for point of' care testing of analyte . 
»— "on in a fXnid. the „ t uprising a dev le 

controi T'V " " aim 7 " " d » C °"""« staining a 
controi solution for use in calibrating the eeter tS) 
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■ . • • * * 

26. An ink for printing a layer of the immobilised 
enzyme reagent on a substrate (30) of a test member (4) 

suitable for use in a device in accordance with" Claim 

■ ■ • • . 

5 12, the ink comprising platinised carbon on which has 

... 

been adsorbed at least one suitable enzyme reagent, a 

... 

. .•■ 
polyester resin binder, and a carrier fluid, 

27- A cartridge (12) for use in a device as claimed in 
10 Claim 8, comprising a test member (4) provided with 
sensing means adapted to produce an electrical signal in 

* • B m . • 

ft 

response to the concentration of analyte in an applied 
fluid, and at least some of the electronics means of a 
meter (5), the cartridge (12) having means for releasable 
15 connection to a housing (16) which houses display means 
(6) for displaying an output reading which is dependent 
oh the electrical signal; characterised in that the test 
member (4) is re-usable and permanently attached to the 

at least some of the electronics means of the meter (5) . 

. • ■ • - •. • . 

20 

28. A cartridge (12) as claimed in Claim 27, wherein the 
test member (4) is permanently attached to the meter (5). 

- 

29. A cartridge (12) as claimed in Claim. 27 or Claim 28, 
25 wherein the electrical signal from the sensing means is 

an electric current. 
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